INTRODUCTION {#sec1-1}
============

Down syndrome (trisomy 21) is the most common and best known of all malformation syndromes. It is an easily recognized congenital, autosomal anomaly characterized by generalized growth deficiency and mental deficiency affecting 1 in 600-1 in 1000 live births. It accounts for about one-third of all mentally handicapped children.\[[@ref1]\] Many systemic diseases are responsible for mortality of infants and children with Down syndrome. A compromised immune system is characteristic of these individuals, and it is this immunodeficiency that contributes to an increased susceptibility to infections. Various microorganisms are generally seen as normal commensals in the oral cavity, and these may become pathogenic under favorable conditions. *Candida* is one such endogenous pathogen, the prevalence of which has been reported to be 45-65% in healthy children\[[@ref2]\] and 30-45% in healthy adults.\[[@ref3]\] Opportunistic infections occur mainly when the host defenses are inadequate, candidiasis is the most common among them. Streptococci form a large portion of the resident oral micro flora. In the general population, half the isolates from the tongue and saliva are Streptococci, but in Down syndrome individual\'s oral streptococcal levels are relatively lower.\[[@ref4]\] This probably contributes to a disturbance in the normal microbial homeostasis and promotes the growth of other commensal organisms like *Candida*. Here, we evaluated the candidial/Streptococci carriage and the various species of *Candida*/Streptococci isolated from the Down syndrome patients and correlated it with normal oral micro flora from health subjects.

MATERIALS AND METHODS {#sec1-2}
=====================

Fifty Down syndrome individuals were selected for this study based on a karyotype of 47 XX, 21+ (female) and 47 XY, 21+ (male). A total of 50 normal children/adolescents were selected as a control group. To isolate *Candida* and Streptococci, swab/saliva was used to culture and smear preparation for Gram stain and periodic acid schiff (PAS) stain.

Culture for *Candida* {#sec2-1}
---------------------

Samples were taken from the oral cavity (dorsum of tongue) for each individual using a sterile cotton wool swab. Sabouraud\'s dextrose agar (SDA) slope with antibiotic (gentamicin/actidione) was used for the isolation of *Candida*. Antibiotics were used in order to eliminate bacterial contamination. If colonies were white or cream to yellow, dull/shiny, pasty yeast like a smear was prepared from the colony, with a drop of saline. Smear was then air-dried, heat fixed, and stained with crystal violet (simple stain) to confirm the presence of yeast. The isolates were then subjected to the following tests for identification of various species of *Candida*:

Germ tube testMorphology on corn meal agar --- for chlamydospore formation.Carbohydrate fermentation testCarbohydrate assimilation testCHROMagar *Candida* culture characteristics

Smear and Gram stain {#sec2-2}
--------------------

Smears taken from the oral cavity (tongue) were air-dried, heat fixed, and stained.

RESULTS {#sec1-3}
=======

The study included a total of 100 (50 Down syndrome, 50 controls) subjects of both sexes. The study group of 50 Down syndrome individuals comprised of 37 males and 13 females in the age range of 3-22 years and the mean age of 11.6 years. The control group of 50 normal individuals comprised of 34 males and 16 females in the age range of 3-18 years and a mean age of 9.5 years \[Tables [1](#T1){ref-type="table"} and [2](#T2){ref-type="table"}\].

###### 

Distribution of patients according to sex

![](JNSBM-6-300-g001)

###### 

Distribution of patients according to age

![](JNSBM-6-300-g002)

Of the 50 study group samples, which were cultured, 37 (74%) showed growth of *Candida* colonies, whereas in the 50 control samples only 18 (36%) were positive for *Candida* growth. In 4 SDA culture slopes of the study group, more than one morphological type of colonies were observed \[[Figure 1](#F1){ref-type="fig"}\], and the colonies were considered as different isolates and subjected to further testing. A total of 42 isolates (1 isolate in 33 samples, 2 isolates in 3 samples, and 3 isolates in 1 sample) were obtained from the 37 culture positive samples, in the study group and 18 isolates were obtained from the 18 culture positive samples in the control group (1 isolate each in 18 samples) \[[Table 3](#T3){ref-type="table"}\].

![Sabouraud\'s dextrose agar slope showing more than one type of colony (white and cream)](JNSBM-6-300-g003){#F1}

###### 

Candidal growth pattern in the study group and control group

![](JNSBM-6-300-g004)

Smears taken from the oral cavity (tongue), for both the study group (50) and the control group (50) were stained with Gram stain \[[Figure 2](#F2){ref-type="fig"}\] and PAS stain \[[Figure 3](#F3){ref-type="fig"}\]. A tenfold increase in the positive staining for *Candida* was observed in the study group when compared to the control group \[[Table 4](#T4){ref-type="table"}\].

![Gram-stained smear showing yeasts and pseudohyphae](JNSBM-6-300-g005){#F2}

![Periodic acid schiff stained smear showing candidal hyphae and yeasts](JNSBM-6-300-g006){#F3}

###### 

Distribution of positive candidal staining in study group and control group

![](JNSBM-6-300-g007)

Of the 42 isolates from the 37 culture positive samples, 31 were germ tube positive, whereas all the 18 culture positive samples of the control group were positive for germ tube formation \[[Figure 4](#F4){ref-type="fig"}\]. Hence, 31 of the 42 isolates were *Candida albicans* in the study group, and all 18 isolates of the control group were *C. albicans*. This was further confirmed by chlamydospore formation on corn meal agar \[[Figure 5](#F5){ref-type="fig"}\]. All the isolates that were germ tube positive produced chlamydospores on corn meal agar further confirming *C. albicans*. Of the 42 isolates and 37 culture positive samples, 31 isolates were C. albicans, 6 were *Candida Tropicalis*, and 5 were either *Candida* parapsilosis/*Candida* krusei/*Candida glabrata*. Of the 18 control samples, which were culture positive, all 18 were *C. albicans*. Further confirmation and speciation was done by the carbohydrate assimilation test and supplemented with growth on CHROMagar *Candida*.

![Germ tube formation by *Candida* albicans](JNSBM-6-300-g008){#F4}

![Chlamydospore formation by *Candida* albicans](JNSBM-6-300-g009){#F5}

Carbohydrate assimilation test {#sec2-3}
------------------------------

This test was done with sugars: Glucose, maltose, sucrose, lactose, galactose, cellulose, and trehalose \[[Table 5](#T5){ref-type="table"}\].

###### 

Carbohydrate assimilation reactions for different *Candida* species

![](JNSBM-6-300-g010)

Of the 37 samples that were culture positive in the study group, 31 (84%) samples had isolates of *C. albicans*, 6 (16%) samples had isolates of *C. tropicalis* and 5 (14%) had isolates of *C. parapsilosis*. 4 samples of the study group were colonized with more than one type of species. Of the 18 control samples that were culture positive all 18 isolates were *C. albicans*.

Chromagar *Candida* {#sec2-4}
-------------------

Growth of all culture positive samples on CHROMagar *Candida* was observed for the characteristic colony color \[[Table 6](#T6){ref-type="table"}\].

###### 

CHROMagar *Candida* culture characteristics for different *Candida* species

![](JNSBM-6-300-g011)

In the CHROMagar *Candida*, study sample showed 31 isolates of *C. albicans*, 6 of *C. tropicalis*, and 5 of *C. parapsilosis* \[[Figure 6](#F6){ref-type="fig"}\]. In the control samples, all 18 of the isolates were *C. albicans*, thus confirming the earlier results.

![CHROMagar *Candida* showing green colonies of *Candida* albicans and cream colonies of *Candida* parapsilosis](JNSBM-6-300-g012){#F6}

Culture for identification of streptococci {#sec2-5}
------------------------------------------

Saliva samples collected from both the study group (50%) and the control group (50) after inoculation on chocolate agar, and incubation at 37°C for 24 h, the growth of alpha-hemolytic colonies were identified \[[Figure 7](#F7){ref-type="fig"}\]. The colonies were checked for optochin resistance to classify it as *Streptococcus viridans* group \[[Table 7](#T7){ref-type="table"}\].

![Primary culture showing predominantly alpha hemolytic colonies](JNSBM-6-300-g013){#F7}

###### 

Growth pattern of *Streptococcus*

![](JNSBM-6-300-g014)

The growth of alpha hemolytic *S. viridans* colonies in the primary culture was classified as in [Table 8](#T8){ref-type="table"}.

###### 

Distribution of viridans group of Streptococci in control group and study group

![](JNSBM-6-300-g015)

Twenty-three out of 50 samples from study group had *S. viridans* colonies. In the 23 samples positive for Streptococci 16 had many streptococcal colonies, and 7 had few streptococcal colonies in the primary culture. Of the 50 control samples, 32 had *S. viridans* colonies. In the 32 samples, which were positive for Streptococci, 29 had predominantly streptococcal colonies while 3 had few streptococcal colonies in the primary culture.

Association of *Candida* with streptococci {#sec2-6}
------------------------------------------

The presence of *Candida* with Streptococci was compared in both the study group and the control group \[[Table 9](#T9){ref-type="table"}\].

###### 

Comparison of candidal and streptococcal growth patterns in study group and control group

![](JNSBM-6-300-g016)

Candidal and streptococcal colonization was seen in 14 (28%) individuals in the study group and 6 (12%) individuals in the control group. *Candida* colonization alone in the absence of streptococcal colonization was seen in 23 (46%) individuals of the study group and 12 (24%) of the control group. Thus showing that candidal colonization occurred to a greater extent in the absence of Streptococci (*P* \< 0.01, *z* = 2.96).

Our results showed that in the study group (74%) *Candida* colonization was comparatively higher when compared, with the control group (36%). Of the 37 culture-positive samples, 42 isolates were obtained, four samples had more than one isolate (one sample with three isolates, three samples with two isolates). The species isolated in the study group out of the 37 culture-positive samples were predominantly *C. albicans* (84%) followed by *C. tropicalis* (16%) and *C. parapsilosis* (14%). In the control group, only *C. albicans* were isolated. Thus, out of the total 50 Down syndrome subjects, 31 (62%) showed colonization with *C. albicans*, 6 (12%) with *C. tropicalis*, and 5 (10%) with *C. parapsilosis*. In the comparative study of *Candida* and Streptococci, *Candida* colonization was predominantly seen in the absence of Streptococci.

Oral manifestations {#sec2-7}
-------------------

The oral findings of all the children and adolescents of the study group were recorded \[Figures [8](#F8){ref-type="fig"}--[10](#F10){ref-type="fig"}\]. [Table 10](#T10){ref-type="table"} shows in an ascending order the frequency of various findings.

![12-year-old male showing fissured tongue](JNSBM-6-300-g017){#F8}

![High arched palatal vault](JNSBM-6-300-g018){#F9}

![Angular cheilitis with prognathic mandible](JNSBM-6-300-g019){#F10}

###### 

Distribution of oral findings in down syndrome subjects

![](JNSBM-6-300-g020)

In the 50 Down syndrome individuals, 17 (34%) of them showed an erythematous or a pseudomembranous lesion on the tongue (12 - erythematous, 5 - pseudomembranous), indicating possible oral candidiasis.

DISCUSSION {#sec1-4}
==========

Down syndrome individuals are reported to exhibit an increased susceptibility to infections due to various factors such as increased activity of superoxide dismutase,\[[@ref5][@ref6]\] increased activity of glutathione peroxidase,\[[@ref6]\] decreased levels of myeloperoxidase in leukocytes,\[[@ref7]\] defective neutrophil chemotaxis,\[[@ref8]\] abnormal serum immunoglobulin patterns\[[@ref9]\] and disturbed cell-mediated and humoral immunity.\[[@ref10]\]

The most common opportunistic infection affecting the oral cavity is candidiasis. The present study determined the prevalence of oral *Candida* carriage in Down syndrome children and adolescents. Of the 37 individuals in the study group who exhibited *Candida* colonization, only 14 showed colonization with Streptococci while 23 remained negative and showed no streptococcal colonization. Thus, we concluded that the majority of the individuals showed *Candida* colonization when there was no concomitant streptococcal colonization. The increased *Candida* carriage in Down syndrome individuals could probably be attributed to the relatively lower streptococcal levels. The increased susceptibility to *Candida* infection may be a result of the disturbance in the microbial homeostasis. However, other factors such as a compromised immune system, poor oral hygiene, malnourishment and the like cannot be completely ruled out and are also expected to play a significant role. It may be also possible that the *Candida* and Streptococci may produce mutually inhibitive factors in the form of toxins or enzymes, thus producing this inverse relationship.

The most common predisposing factor resulting in candidiasis is the presence of a suppressed immune status, thus this infection is seen in a higher frequency in Down syndrome subjects, where a compromised immune status is the hallmark.\[[@ref11]\] In addition to this, a variety of local factors may also play a role, the most common being an altered intra oral milieu. As observed in this study, it may be assumed that the presence of microbial imbalance in the oral cavity and the occurrence of fissured tongue could be some major local factors contributing to the increased *Candida* carriage in Down syndrome individuals.

CONCLUSION {#sec1-5}
==========

The oral cavity is an environment heavily colonized by microorganisms, which are generally in harmony with each other. This relationship seems to be related to the immune status of the individual. The Down syndrome subjects run a greater risk of having opportunistic infections with a possibility of systemic spread, and the associated morbidity and mortality is also higher. Hence, to improve the quality-of-life of an individual with Down syndrome, it becomes necessary to diagnose and treat these infections when they still remain localized.
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